The increase in proline induced by ABA, a process stimulated by NaCi or KCI in barley leaves, did not occur when Na+ (or K+) was present in the external medium as the gluconate salt, namely with an anion unable to permeate the plasma membrane. However, proline increase was restored, to different extents, by the addition of various chloride salts but not by ammonium chloride. Moreover, it was shown that the stimulation of the process by NaCl (or KCI) was variously affected by the presence of different salts; all the ammonium salts (10 millimolar NH4' concentration) inhibited this stimulation almost completely. Inhibition by NH41 was accompanied by a decreased Na+ influx (-40%). Also, in the case of Na-gluconate, Na+ uptake was reduced and the addition of Cl-as the calcium or magnesium salt (but not as ammonium salt) restored both the ion influxes and the increase in proline typical of NaCl treatments. Both 4,4'-diisothiocyano-2,2'-disulfonic acid stilbene (DIDS), an anion transport inhibitor, and tetraethylammonium chloride (TEA), a K+ channelsblocking agent, caused, as well as with a reduction of ion influxes, an inhibition of the proline accumulation. The inhibition was practically total with 1 millimolar DIDS and about 80% with 20 millimolar TEA. A possible role of ion influxes in the process leading to the increase in proline induced by ABA is proposed.
It has been shown that the increase in proline level induced by ABA in barley leaf segments practically does not occur in the absence of appropriate salts in the external medium (12) and recently it has been proposed that a protein, the synthesis of which appears to be induced by ABA, confers sensitivity to the salts (9) . Sodium and potassium chlorides stimulate proline accumulation to the same extent, and stimulation by the two cations depends on the associated anions, NO3-being the most effective and SO42-practically ineffective. In this latter case the addition of Cl -to the external medium restores the effect of Na + (or K+) chloride on the proline increase (12). The accumulation of Na+ and K+ in the tissue in the presence of Cl-or SO42-, evaluated over the time, is not different enough to explain the stimulation by chlorides and the lack of effect of the sulfates. Taken as a whole, these results do not exclude a possible involvement of the influx of suitable ions in the induction of proline accumulation by ABA (12).
On the basis of this hypothesis, some attempt was made to elucidate the physiological role of ion fluxes in this process and the results are presented in this paper. (11) . Other details were as previously described (12). All treatments were in triplicate and the data are the means (± SD) from at least two experiments.
MATERIALS AND METHODS
Na+, K+, and Cl Influx Experiments. The samples consisted of 100 mg fresh weight of leaf segments in 10 ml of the same buffered solution adopted for the ABA-induced proline increase experiments reported above, and incubation was performed in the dark at 25°C in a shaking bath.
After 30 min preincubation in the dark the appropriate labeled solution and, when required, the compounds affecting the ion influxes were added. Each sample had a concentration of 30 mM of Na+, K+, and Cl-with added radioactivity of about 0.05 ,uCi as 22Na+ or 86Rb+ or 36CI-, respectively. ABA 0.1 mm was always added in the middle of the preincubation period in all the samples. The influx experiments were stopped by vacuum withdrawal of the labeled solution followed immediately by a 2 min rinse in a corresponding ice-cold unlabeled fourfold concentrated solution. Digestion and bleaching of the leaf segments were performed with Lumasolve and benzoylperoxide treatments as previously described (11) and radioactivity was determined by liquid scintillation counting. The data are the means (± SD) from at least two experiments run in triplicate.
RESULTS AND DISCUSSION
Treatments with Na-gluconate (the anion of which is not able to permeate the membrane [1] ) in the presence of ABA scarcely affected proline accumulation as compared with NaCl treatments (Fig. 1A) . The slight effect of Na-gluconate did not change with increases of its concentration above 10 mm. As previously described for K2SO4 (12), the addition of calcium or magnesium chlorides, which have little effect on this process (see values in brackets of Proline by (NaCI + other salt) -proline by NaCl Proline by NaCl similar to that when only Na + and Cl -were present together in the external medium (Fig. 1B) . However, not all the chlorides used were able to restore the positive effect of the condition 'Na+ + Cl-' In fact, barium and lithium chlorides showed a very slight effect compared with calcium or magnesium chlorides, and the addition of NH4Cl further depressed the slight effect obtained with Na gluconate alone (Fig. 1B) .
The possibility was considered that various ions interfere with NaCl stimulation of the hormone-induced process (Table I) . When NaNO3 or NaBr or NaI were added together with NaCl in the external medium, the hormone-induced increase in proline was greater than the sum of the effects of the different salts added separately; thus, the stimulation by NaCl alone was not negatively influenced or depressed. Only when PO43-or SO42 -anions were added was the effect of NaCl slightly decreased. In particular, increasing concentrations of SO42 -, which showed only a slight effect when given with Na+ (Table I) , slightly and progressively reduced the stimulation by NaCl (data not shown).
The presence of different chlorides gave an additive effect when sodium and potassium were added together, while the addition of CaCl2 or MgCl2 caused an increase higher than 30% in the stimulation by NaCl.
A decrease in stimulation by NaCl was detected when barium or lithium chlorides were used, and complete inhibition of the effect of sodium chloride was observed in the presence of NH4Cl. The inhibitory effect of different concentrations of various ammonium salts is reported in Figure 2 . Ammonium chloride, nitrate, and sulfate at the various concentrations tested had the same inhibitory effect, thus indicating that the NH4+ cation was responsible for the inhibition. Inhibition of the ABA-induced and NaCl-stimulated increase in proline was 50 and 100% at NH4+ concentrations of 2 and 10 mm, respectively. This effect of NH4+ occurred also when the stimulation of the process was caused by NaNO3, NaCl, or NaH2PO4 (Table II) (14) has not yet been described for ABA. The possible influence of NH4+ on Na + uptake was investigated. The data of Figure 3 indicate that the ammonium ion inhibits Na + influx, as reported elsewhere for K + influx (2) . In fact, as shown in Figure 3B , the Na+ uptake, which was constant during 3 h, was reduced in the presence of 10 mm NH4+ by about 40% compared with the control (Fig. 3A) whereas the influx of Cl -was not significantly changed.
Na+ fluxes were different also in the presence of various cations as already observed for K+ absorption in intact barley seedlings (5) . In Figure 4A the influence of nitrate, chloride, phosphate, sulfate, and gluconate are shown. The lowest absorption rate was observed in the presence of gluconate (which showed only a negligible effect on ABA-induced proline increase, Fig. 1A ), but when Cl-was added (as CaCl2 or MgCl2) to the external solution, Na+ influx increased up to the rate found when Na+ was supplied as NaCl (Fig. 4B) . In these conditions, as reported above (Fig. 1) , the stimulating effect of the salt on the ABA-induced proline increase was restored.
It is to be noted that the increasing rates of Na+ absorption in the presence of different anions were accompanied by increasing effects of the various sodium salts on proline accumulation (e.g. the values in brackets of Table I FnG. 5hwn.Eh nibtnffect of DIDnAAidccaDSNaCstimuataleedprolin inreasced(A upand on aCl-(buptakB.I A,0 afoer prolineandsiuctiontesamples weredcth incbtdforx 7fthewithi30mns NaCsandte0.1 mn ABA.imnt Thiarttoe reported prln alueoae orete forthc nmol measured insthea prsec ofCl ABA aln (aou 250nn nmolocig fresh wegh). InsB,sNaC. byhar unlests enloe inA bthe symbrol.n nraeidcdb B takedo Ctmlae(7) The datao +an lluer reportedinFgr5Asothtn the pigresencTeoftke DID theABA ionducede andy Nci-setimuthoed incraei poroline were prsogesv inhibitae,a ed,cinothe efetofi inlxs(i.6)was substitued forthe NaCth the inhibitingefec of DD a rc nrotin shoncrae(i.6). The The inhibiting effect of NH4+ on the hormonal process is accompanied by a reduced K+ or Na+ uptake. The possibility that this effect of ammonium on ion influxes is a secondary effect, namely a consequence of some other effect of the cation inside the cell cannot be excluded. However, the effect of DIDS and of TEA, which prevent the hormone-induced increase in proline, and the restored proline increase obtained by the addition of Cl-to a medium containing sodium gluconate, support the hypothesis that the changes in ion fluxes are closely involved in this process. The data show that NH4+, DIDS, and TEA only partially reduce influx of the ions but proline increase is almost completely inhibited. These results, together with those on Na+ uptake in the presence of gluconate, exclude once again the notion that the hormone-induced proline response is directly linked to the internal level of the ions (12).
It seems that only some particular mechanism(s) of ion uptake among the various possible and certainly pertinent to the transport of Na+ or K+ and of some appropriate permeating anion, are involved in the process. Thus, not so much the magnitude of total uptake but rather the modality of influx, and possibly its consequences on cytoplasm (e.g. pH, transmembrane electric potential) would be responsible for the effects of the ions on ABA-induced proline accumulation. On the other hand, a possible involvement of changes of cytoplasmic pH in this process has been proposed (4, 11) and an alteration of transmembrane potential difference in auxin-treated organs or cells has been observed (3, 8) , generally associated with an influence on the proton pump, the activity of which might also be influenced by ABA (10 
